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A novel multiplex real-time PCR approach (Anyplex II RV16 [RV16]; Seegene, South Korea) was compared with a multiplex end-
point PCR kit (Seeplex RV15 ACE detection kit [RV15]; Seegene) and a liquid bead-based assay (xTAG respiratory viral panel
[xTAG]; Abbott, United States). Of nasopharyngeal swabs or aspirates and bronchoalveolar lavage fluid samples submitted for
RV15 testing, 199 retrospectively collected positive specimens and 283 prospectively collected specimens were further tested with
RV16 and xTAG. A true-positive result was defined as a positive result from all three methods or RV16 and xTAG or RV15 and
xTAG. For specimens with discrepant results, monoplex PCR and sequencing of the target viruses were performed. In total, 300
virus-positive specimens yielded 386 viruses. When the bocavirus results were excluded, the overall sensitivities of RV16, RV15,
and xTAG were 95.2%, 93.3%, and 87.2%, respectively (95% confidence intervals, 93.0 to 97.4%, 90.8 to 95.8%, and 83.8 to
90.6%, respectively). RV16 was more sensitive than xTAG for coronavirus OC43/HKU1 (100% versus 26.1%; P < 0.0001) and
adenovirus (100% versus 79.5%; P < 0.01) but was less sensitive than xTAG for rhinovirus/enterovirus (89.4% versus 97.9%; P <
0.05). RV16 demonstrated higher sensitivity than RV15 for the detection of adenovirus (100% versus 82.1%; P < 0.05). The spec-
ificities of all three methods ranged from 98.6% to 100%. Sequencing analysis of 64 rhinovirus-positive samples revealed that
RV16 accurately differentiated between rhinovirus and enterovirus. RV16 most frequently missed rhinovirus C. In conclusion,
the overall sensitivity of RV16 was better than that of xTAG. However, improvement of the sensitivity for rhinovirus is required.

Respiratory viral infections are a major cause of morbidity and
mortality worldwide (1–3). The rapid and accurate diagnosis

of respiratory viral pathogens aids in antiviral therapy. Early diag-
nosis has the potential to reduce complications, antibiotic use, and
unnecessary laboratory testing (4–6). Clinical laboratories tradi-
tionally use methods such as direct fluorescent-antibody assay
(DFA) and viral culture to detect respiratory viruses. Compared
with such traditional methods, nucleic acid amplification tests
show superiority in terms of sensitivity for the detection and spec-
trum of target viruses (7, 8). In addition, the use of multiplex
assays significantly reduces the hands-on time and cost compared
to those for DFA and culture (5, 9, 10).

The Luminex xTAG respiratory viral panel (xTAG; Abbott,
United States) is a multiplex PCR assay that is approved by the
U.S. Food and Drug Administration (FDA). The xTAG assay is
capable of detecting 20 viruses and subtypes simultaneously in a
single patient sample (5). The Seeplex RV15 ACE detection kit
(RV15; Seegene, South Korea) is able to detect 15 viruses in three
reactions per sample (11). The recently developed Anyplex II
RV16 detection kit (RV16; Seegene) is a novel multiplex real-time
PCR based on tagging oligonucleotide cleavage extension (TOCE)
(12, 13). TOCE introduces two novel components, the “pitcher”
and “catcher,” to accomplish a unique signal generation in real
time. In a TOCE reaction, the 5= nuclease activity specifically
cleaves a target-bound pitcher in such a manner that a designed
tagging portion is released. The released tagging portion hybrid-
izes to the capturing portion of the catcher. The formation of the
duplex catcher through tagging portion extension and physical
distancing of the quencher from the fluorescent moiety results in
the fluorescent signal. What becomes apparent is the control over
the melting-temperature properties of the catcher: by designing
unique catchers, the resulting duplex catcher will have a predict-
able and unique melting-temperature profile. As a result, multiple
catchers with unique melting-temperature profiles can be de-

tected by catcher melting-temperature analysis (CMTA), in the
same reaction and in the same color channel (12, 13). Therefore,
multiple target analytes can be detected simultaneously in a single
fluorescence channel.

In this study, we evaluated the diagnostic performance of RV16
compared to those of xTAG and RV15. In addition, we analyzed
rhinovirus (RhV)- and enterovirus (EV)-positive samples by se-
quencing to determine whether RV16 could differentiate between
RhV and EV accurately.

MATERIALS AND METHODS
Specimens. From the nasopharyngeal swabs (NPSs) or aspirates (NPAs)
and the bronchoalveolar lavage (BAL) fluid samples submitted for RV15
testing from November 2011 to June 2012, 199 positive specimens (102
NPSs, 92 NPAs, and 5 BAL fluid samples) were retrospectively collected by
considering the viral variety. These samples were further tested by RV16
and xTAG. In addition, 283 specimens (196 NPSs, 64 NPAs, and 23 BAL
fluid samples) were consecutively collected on certain dates of each month
and tested by RV15, RV16, and xTAG. NPSs were obtained using flocked
swabs (Copan Diagnostics, Italy) and were transported in 3.0 ml of uni-
versal transport medium (UTM; Copan Diagnostics). The volume of NPA
and BAL fluid was approximately 10 ml. Aliquots of retrospectively col-
lected samples were stored at �70°C before testing. Prospectively col-
lected samples were tested simultaneously upon receipt on all three assays.
As a result, a total of 482 specimens were tested by RV15, RV16, and
xTAG. The patients included 287 males and 195 females whose median
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age was 51 years and ranged from 14 days to 93 years. To evaluate the
ability of RV16 to differentiate between RhV and EV, 64 samples that were
positive for RhV and/or EV from the above-mentioned multiplex assays
were further tested by sequencing.

Nucleic acid extraction and internal control. Nucleic acids were ex-
tracted from 500 �l of specimens by easyMAG (bioMérieux, France) for
RV15 and by STARlet (Hamilton Robotics, NV) for RV16 and xTAG. The
final elution volume of each sample was 50 �l in both kits. In RV16 and
xTAG testing, an internal control was added to each specimen in order to
check the entire process from nucleic acid extraction to PCR, according to
the manufacturer’s instructions. In RV15 testing, an internal control and
its specific primer set were added to the multiplex primer mix so as to
check the PCR process, according to the manufacturer’s instructions.

RV16 testing. The cDNAs were synthesized from extracted RNAs with
the cDNA Synthesis Premix (Seegene). Respiratory virus detection kits A
and B were used to detect 14 types of RNA viruses and two types of DNA
viruses, according to the manufacturer’s instructions. Briefly, the assay
was conducted in a final volume of 20 �l containing 8 �l of cDNA, 4 �l of
5� RV primer, 4 �l of 8-methoxypsoralen (8-MOP) solution, and 4 �l of
5� master mix with the CFX96 real-time PCR detection system (Bio-Rad,
CA) under the following conditions: denaturation at 95°C for 15 min and
50 cycles at 94°C for 30 s, 60°C for 1 min, and 72°C for 30 s. CMTA was
performed by cooling the reaction mixture to 55°C, maintaining the mix-
ture at 55°C for 30 s, and heating the mixture from 55°C to 85°C. The
fluorescence was measured continuously during the temperature rise. The
melting peaks were derived from the initial fluorescence (F) versus tem-
perature (T) curves by plotting the negative derivative of fluorescence
over temperature versus temperature (�dF/dT versus T). Table 1 shows
the melting temperature for each target. The melting-temperature analy-
sis was done by Seegene viewer software, which interpreted the results as
“�” or “�.” The user also could check the “�dF/dT versus T curve” on
this program.

According to the data provided by the manufacturer, the analytical
sensitivity, i.e., limit of detection, of RV16 was 50 copies per reaction for
each type of virus. RV16 could detect 16 viruses covering many serotypes
of each virus, including influenza A virus (INF A) (subtypes H1, H2, H3,
H5, H6, H7, H9, H10, and H11), influenza B virus (INF B), respiratory
syncytial viruses A and B (RSV A and RSV B), adenovirus (ADV) (sero-
types A to F), human metapneumovirus (hMPV), coronavirus (CoV)
229E, CoV NL63, CoV OC43/HKU1, parainfluenza viruses (PIV) 1 to 4,
RhVs A to C, EV, and bocaviruses (BoV) 1 to 4. This profile is similar to
the profile of RV15, except for CoV 229E and CoV NL63, which only
RV16 can differentiate.

xTAG testing. For xTAG, the cDNA and amplification steps were
performed in a single-tube format. Amplification and detection were per-

formed according to the manufacturer’s instructions. The xTAG assay
required two PCRs. For multiplex amplification PCR, a GeneAmp PCR
System 9700 (Life Technologies, Carlsbad, CA) thermocycler was used
under the following conditions: denaturation at 95°C for 15 min and 35
cycles at 95°C for 30 s, 55°C for 30 s, and 72°C for 30 s. For multiplex
target-specific primer extension PCR, the thermocycler (Life Technolo-
gies) was used under the following conditions: denaturation at 96°C for 2
min and 35 cycles at 95°C for 30 s, 54°C for 30 s, and 72°C for 30 s. Virus
detection was performed by xMAP technology with a Luminex 100 system
(Austin, TX). The cutoff values for xTAG were predetermined by the
manufacturer.

RV15 testing. RV15 required a separate cDNA synthesis step before
the multiplex PCR step could be performed. The cDNA synthesis was
performed with a RevertAid First Strand cDNA synthesis kit (Fermentas,
Canada) according to the manufacturer’s instructions. The samples were
tested for 13 types of RNA viruses and two types of DNA viruses with
respiratory virus detection kits A, B, and C according to the manufactur-
er’s instructions. PCR was conducted in a final volume of 20 �l containing
3 �l of cDNA, 4 �l of 5� RV15 ACE primer (A, B, or C), 3 �l of 8-MOP
solution, and 10 �l of 2� master mix using the thermocycler (Life Tech-
nologies) under the following conditions: denaturation at 94°C for 15 min
and 40 cycles at 94°C for 30 s, 60°C for 1.5 min, and 72°C for 1.5 min. The
amplified PCR products were analyzed by agarose gel electrophoresis.

Sequencing. Specimens with discordant results were tested by mono-
plex PCR and sequencing. The primers for monoplex PCR in the single or
nested PCR format were identical with the primers of the RV15 or RV16
assay. The PCR products were purified with a power gel extraction kit
(TaKaRa Bio Inc., Shiga, Japan). Purified templates were sequenced with
an ABI Prism BigDye Terminator v3.1 cycle sequencing kit (Life Technol-
ogies) and analyzed on an ABI 3730xl DNA analyzer (Life Technologies).

Definitions. A positive result from all three methods or from RV16
and xTAG or from RV15 and xTAG was considered to be a true positive
without sequencing. In the case of a positive result of a single target from
one method or RV16 and RV15, additional monoplex PCR and sequenc-
ing with specific primers were performed. A positive result from one
method or RV16 and RV15 with a negative result from monoplex PCR
and sequencing was considered to be a false positive. Because xTAG can-
not detect BoV, we excluded BoV results from the sensitivity analysis.

Statistical analysis. Confidence intervals for a mean and comparison
of proportions were analyzed. All statistical analyses were performed us-
ing SPSS (version 18.0; SPSS, Chicago, IL).

RESULTS
Distribution of respiratory viruses. Of the 199 retrospectively
collected specimens, 198 gave true-positive results. Of the 283
prospectively collected specimens, 102 (38.0%) gave true-positive
results. Table 2 shows the distributions of the viruses as single
infections and coinfections. Overall, 300 positive specimens
yielded 386 viruses, including BoV results. A single virus was de-
tected in 228 specimens, two viruses in 62 specimens, three in 7
specimens, four in 2 specimens, and five in 1 specimen. When the
BoV data were excluded, 296 true-positive specimens yielded 374
viruses.

Comparison of assays. The sensitivity and specificity were cal-
culated for each target and assay according to our definition of a
true or false positive (Table 3). The overall sensitivities of RV16,
RV15, and xTAG were 95.2% (356/374), 93.3% (349/374), and
87.2% (326/374), respectively (95% confidence intervals, 93.0 to
97.4%, 90.8 to 95.8%, and 83.8 to 90.6%, respectively). RV16 was
more sensitive than xTAG for CoV OC43/HKU1 (100% [23/23]
versus 26.1% [6/23]; P � 0.0001) and ADV (100% [39/39] versus
79.5% [31/39]; P � 0.01) but was less sensitive than xTAG for RhV
and EV (89.4% [84/94] versus 97.9% [92/94]; P � 0.05). RV16
demonstrated higher sensitivity in the detection of ADV (100%

TABLE 1 Melting-temperature ranges of targets

Channel

A set B set

Target Tm (°C)a Target Tm (°C)

FAM PIV4 64–68.5 hMPV 64–68.5
ADV 77–81.5 BoV 77–81.5

HEX PIV1 62.5–68 CoV 229E 62.5–67.5
PIV2 70–74 CoV NL63 70–74
PIV3 77.5–81.5 CoV OC43 76.5–81.5

R610 INF A 61.5–66.5 RSV A 62.5–67.5
INF B 69–73 RSV B 69.5–73.5
RhV 75.5–80.5 EV 77–81

Q670 ICb 63.5–68.5 IC 63.5–68.5
a Tm, melting temperature.
b IC, internal control.
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[39/39] versus 82.1% [32/39]; P � 0.05) than did RV15. The spec-
ificities of the three methods were generally very high, ranging
from 98.6% to 100%.

Identification of multiple viruses. Multiple viruses were de-
tected in 67 specimens (22.6% of positive specimens, excluding
BoV results). RV16, RV15, and xTAG detected all of the contained
viruses in 83.6% (56/67), 73.1% (49/67), and 70.1% (47/67) of the
samples containing multiple viruses, respectively. Among the
samples containing multiple viruses, 49 (73.1%), 28 (41.8%), and
18 (26.9%) specimens contained RhV, ADV, and both RhV and
ADV, respectively.

RhV and EV. Because xTAG has combined RhV and EV tar-
gets, these viruses were lumped together as RhV/EV to perform a
sensitivity and specificity analysis. The cases detected by xTAG
alone as RhV/EV were tested by monoplex PCR and sequencing.
Therefore, all of the cases of RhV were differentiated from EV in

the RhV/EV-positive cases; 81 were positive for RhV only, 5 for EV
only, and 8 for both RhV and EV. RV16 detected 79 RhV cases
(88.8%) and 13 EV cases (100%), whereas RV15 detected 80 RhV
cases (89.9%) and 12 EV cases (92.3%). xTAG detected 87 RhV-
positive specimens (97.6%) and 13 EV-positive specimens
(100%).

Monoplex PCR and sequencing were used to evaluate 64 sam-
ples that were positive for RhV and/or EV. Among the 64 samples,
58 were positive for RhV only, 2 for EV only, and 4 for both RhV
and EV. The result of sequencing corresponded with that of the
multiplex PCR assays. RV16 and RV15 differentiated RhV and EV
accurately. Coinfections of RhV and EV in four samples were also
confirmed by sequencing. No cross-reactivity between RhV and
EV was found for either RV16 or RV15. The sequencing analysis
identified RhV as RhV A (n � 34), RhV B (n � 4), or RhV C (n �
24). RV16 missed four cases of RhV C. RV15 missed one case of
RhV A and one case of RhV C. xTAG missed one case of RhV A.

DISCUSSION

This study compared the performance of RV16 with those of
RV15 and xTAG. All three methods showed good sensitivities for
the detection of INF A and INF B. xTAG had an advantage for the
detection of INF A because it further detected INF A virus sub-
types H1, H3, and H5. RV16 had improved sensitivities for ADV.
RV15 and RV16 showed good sensitivities for CoV. The xTAG
assay showed decreased sensitivity for this virus, especially for
CoV OC43/HKU1, as has also been noted in previous studies (7).
The low sensitivity for CoV could be a noticeable disadvantage of
xTAG because CoV has been suggested as a causative agent of
croup (14, 15).

RV16 and RV15 had lower sensitivities than xTAG for RhV.
The use of specific targets for each genus outside the 5= non-
coding region may compromise the sensitivity of detection,
especially of RhV (7). For this reason, the xTAG assay com-
bined the RhV and EV targets. However, RV16 and RV15 dif-
ferentiated between RhV and EV, which may account for their
reduced sensitivities. Our analysis of the abilities of RV16 and
RV15 to differentiate between RhV and EV showed that both
methods differentiated these viruses accurately, with no cross-
reactivity between RhV and EV. The clinical significance of
distinguishing RhV and EV is not well defined. However, the
specific diagnosis of respiratory viruses is of considerable im-

TABLE 2 Distribution of respiratory viruses in samples

Virus Subtype

Infection no.

Total no. (%)Single Multiple

RhV/EV 42 52 94 (24.4)
RSV A 21 16 37 (9.6)

B 1 1 (0.3)

INF A H1 1 1 (0.3)
H3 21 4 25 (6.5)
Unidentified 3 3 (0.8)

INF B 31 3 34 (8.8)
PIV 1 10 4 14 (3.6)

2 2 1 3 (0.8)
3 19 10 29 (7.5)
4 1 1 (0.3)

hMPV 37 13 50 (13.0)
CoV OC43/HKU1 11 12 23 (6.0)

229E/NL63 15 5 20 (5.2)

BoV 4 8 12 (3.1)
ADV 10 29 39 (10.1)

Total (%) 228 (59.1) 158 (40.9) 386 (100)

TABLE 3 Percent sensitivity and specificity of three multiplex assays for detection and identification of respiratory viruses

Target

RV16 RV15 xTAG

Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)

RhV/EV 89.4 99.5 89.4 100 97.9 100
RSV A/B 100 99.8 89.5 99.5 84.2 100
INF A 100 100 100 100 96.6 100
INF B 97.1 100 97.1 100 94.1 100
PIV 1–4 97.9 98.6 100 99.3 83.0 99.8
PIV 1 100 98.9 100 100 78.6 100
PIV 2 100 100 100 100 100 99.8
PIV 3 96.6 99.8 100 99.6 82.8 100
PIV 4 100 100 100 99.8 100 100
hMPV 88.0 100 96.0 100 96.0 100
CoV OC43/HKU1 100 100 95.7 100 26.1 100
CoV 229E/NL63 100 99.8 100 100 90.0 100
ADV 100 100 82.1 100 79.5 100
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portance in order to understand the epidemiology and patho-
genesis of viral respiratory tract infection. In addition, while
the importance of RhV for the induction of lower respiratory
infections has become increasingly valued during the past sev-
eral years, many questions regarding the epidemiology and
pathogenicity of these viruses still need to be answered. The
assays differentiating RhV from other picornaviruses could be
useful in this respect (16). RV16 had particularly low sensitivity
for RhV C. RhV C could be associated with more severe clinical
illnesses, including lower respiratory tract infections and asth-
matic exacerbations, than are RhV A and RhV B (17, 18). Con-
sidering the importance of RhV, the sensitivity of RV15 and
RV16 assays for RhV should be improved. Otherwise, the ad-
vantage of differentiating RhV and EV would significantly di-
minish with lower sensitivity.

In addition to sensitivity and specificity, ease of use and re-
quired time are important factors to consider when choosing a
multiplex PCR assay. Among the assays considered in this study,
xTAG was the most time- and labor-intensive, requiring 8 to 9 h,
five distinctive reagent preparation steps, two different thermocy-
cler programs, and complex enzymes and reagents. In contrast,
RV16 and RV15 required less time (6 to 7 h: 3 h for RNA and DNA
extraction and reverse transcription and 3 to 4 h for PCR) and
labor (5, 11, 19). Given that the RV15 assay requires agarose gel
detection after PCR, RV16 seems to require the least labor and
time. In contrast to RV15 and xTAG, which are open PCR systems
and have a potential for amplicon contamination, RV16 is a closed
PCR system, which offers some decreased contamination risk.
With regard to data interpretation, RV15 has a disadvantage be-
cause it requires the visual inspection of products. RV16 and
xTAG provide results as numerical data. Therefore, RV16 seems
to be the most user-friendly of the three assays.

In our study, multiple viruses were detected in 67 specimens
(22.6% of true-positive specimens). RhV and ADV were the
viruses that were commonly associated with infection by mul-
tiple agents. However, we included retrospectively selected
samples; thus, our data may not represent the actual prevalence
of multiple-agent infection. Interestingly, xTAG and RV15 de-
tected 100% and 90% of ADV in specimens harboring ADV as
a single agent but only 71.4% and 79.6% of ADV in specimens
harboring multiple agents. This result could have been affected
by the reduced copies of ADV in samples from multiple-virus
illnesses compared with single-virus illnesses (20, 21). The im-
pact of multiple viruses on the severity of clinical illness is still
unclear (21–23).

A limitation of our study may be that we did not compare
RV16 with viral culture or DFA. However, Seeplex RV detection
kits and xTAG have shown superior or comparable sensitivities
compared with culture and DFA; therefore, this disadvantage
should not be a major pitfall of the study (6–8, 19, 24–26). The use
of the same primers as RV15 and RV16 in the monoplex PCR for
discrepant analysis is a major limitation of our study design. The
positive results seen only in xTAG were in one case of PIV2, one
case of hMPV, and five cases of RhV. Six cases (1 hMPV and 5
RhVs) were confirmed with true-positive results, although one
case (PIV2) was confirmed as a false-positive result. This would
yield a bias in favor of RV16 and RV15.

In conclusion, the overall sensitivity of RV16 was better than
that of xTAG for relevant respiratory viruses. However, improve-
ment of the sensitivity for RhV is required.

ACKNOWLEDGMENTS

This research was supported by the Sponsor-Initiated Trial Fund (2012-
0016) from Seegene Inc., Seoul, South Korea. This funding source had no
involvement in study design, conduct, analysis, or publication.

We declare that we have no financial conflicts of interest.

REFERENCES
1. Williams BG, Gouws E, Boschi-Pinto C, Bryce J, Dye C. 2002. Estimates

of world-wide distribution of child deaths from acute respiratory infec-
tions. Lancet Infect. Dis. 2:25–32.

2. Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. 2011. Viral pneu-
monia. Lancet 377:1264 –1275.

3. Choi SH, Hong SB, Ko GB, Lee Y, Park HJ, Park SY, Moon SM, Cho
OH, Park KH, Chong YP, Kim SH, Huh JW, Sung H, Do KH, Lee SO,
Kim MN, Jeong JY, Lim CM, Kim YS, Woo JH, Koh Y. 2012. Viral
infection in patients with severe pneumonia requiring intensive care unit
admission. Am. J. Respir. Crit. Care Med. 186:325–332.

4. Garbino J, Gerbase MW, Wunderli W, Deffernez C, Thomas Y, Rochat T,
Ninet B, Schrenzel J, Yerly S, Perrin L, Soccal PM, Nicod L, Kaiser L. 2004.
Lower respiratory viral illnesses: improved diagnosis by molecular methods
and clinical impact. Am. J. Respir. Crit. Care Med. 170:1197–1203.

5. Balada-Llasat JM, LaRue H, Kelly C, Rigali L, Pancholi P. 2011. Eval-
uation of commercial ResPlex II v2.0, MultiCode-PLx, and xTAG respi-
ratory viral panels for the diagnosis of respiratory viral infections in adults.
J. Clin. Virol. 50:42– 45.

6. Kanashiro TM, Vilas Boas LS, Thomaz AM, Tozetto-Mendoza TR,
Setsuko M, Machado CM. 2011. Identification of respiratory virus in
infants with congenital heart disease by comparison of different methods.
Rev. Inst. Med. Trop. Sao Paulo 53:241–246.

7. Gharabaghi F, Hawan A, Drews SJ, Richardson SE. 2011. Evaluation of
multiple commercial molecular and conventional diagnostic assays for the
detection of respiratory viruses in children. Clin. Microbiol. Infect. 17:
1900 –1906.

8. Roh KH, Kim J, Nam MH, Yoon S, Lee CK, Lee K, Yoo Y, Kim MJ, Cho
Y. 2008. Comparison of the Seeplex reverse transcription PCR assay with
the R-mix viral culture and immunofluorescence techniques for detection
of eight respiratory viruses. Ann. Clin. Lab. Sci. 38:41– 46.

9. Mansuy JM, Mengelle C, Da Silva I, Grog I, Saune K, Izopet J. 2012.
Performance of a rapid molecular multiplex assay for the detection of
influenza and picornaviruses. Scand. J. Infect. Dis. 44:963–968.

10. Mahony JB, Blackhouse G, Babwah J, Smieja M, Buracond S, Chong S,
Ciccotelli W, O’Shea T, Alnakhli D, Griffiths-Turner M, Goeree R.
2009. Cost analysis of multiplex PCR testing for diagnosing respiratory
virus infections. J. Clin. Microbiol. 47:2812–2817.

11. Bibby DF, McElarney I, Breuer J, Clark DA. 2011. Comparative evalu-
ation of the Seegene Seeplex RV15 and real-time PCR for respiratory virus
detection. J. Med. Virol. 83:1469 –1475.

12. Lee DH. 2012. TOCE: innovative technology for high multiplex real-time
PCR. Seegene Bull. 1:5–10.

13. Chun JY. 2012. High multiplex molecular diagnostics: shifting the diag-
nostics paradigm. Seegene Bull. 1:1– 4.

14. Choi EH, Lee HJ, Kim SJ, Eun BW, Kim NH, Lee JA, Lee JH, Song EK,
Kim SH, Park JY, Sung JY. 2006. The association of newly identified
respiratory viruses with lower respiratory tract infections in Korean chil-
dren, 2000 –2005. Clin. Infect. Dis. 43:585–592.

15. Han TH, Chung JY, Kim SW, Hwang ES. 2007. Human coronavirus-
NL63 infections in Korean children, 2004 –2006. J. Clin. Virol. 38:27–31.

16. Papadopoulos NG, Hunter J, Sanderson G, Meyer J, Johnston SL. 1999.
Rhinovirus identification by BglI digestion of picornavirus RT-PCR am-
plicons. J. Virol. Methods 80:179 –185.

17. Lau SK, Yip CC, Tsoi HW, Lee RA, So LY, Lau YL, Chan KH, Woo
PC, Yuen KY. 2007. Clinical features and complete genome charac-
terization of a distinct human rhinovirus (HRV) genetic cluster, prob-
ably representing a previously undetected HRV species, HRV-C, asso-
ciated with acute respiratory illness in children. J. Clin. Microbiol.
45:3655–3664.

18. Piralla A, Rovida F, Campanini G, Rognoni V, Marchi A, Locatelli F,
Gerna G. 2009. Clinical severity and molecular typing of human rhinovi-
rus C strains during a fall outbreak affecting hospitalized patients. J. Clin.
Virol. 45:311–317.

19. Mahony J, Chong S, Merante F, Yaghoubian S, Sinha T, Lisle C,
Janeczko R. 2007. Development of a respiratory virus panel test for

Kim et al.

1140 jcm.asm.org Journal of Clinical Microbiology

http://jcm.asm.org


detection of twenty human respiratory viruses by use of multiplex PCR
and a fluid microbead-based assay. J. Clin. Microbiol. 45:2965–2970.

20. Franz A, Adams O, Willems R, Bonzel L, Neuhausen N, Schweizer-
Krantz S, Ruggeberg JU, Willers R, Henrich B, Schroten H, Tenenbaum
T. 2010. Correlation of viral load of respiratory pathogens and co-
infections with disease severity in children hospitalized for lower respira-
tory tract infection. J. Clin. Virol. 48:239 –245.

21. Martin ET, Kuypers J, Wald A, Englund JA. 2012. Multiple versus single
virus respiratory infections: viral load and clinical disease severity in hos-
pitalized children. Influenza Other Respir. Viruses 6:71–77.

22. Richard N, Komurian-Pradel F, Javouhey E, Perret M, Rajoharison A, Bag-
naud A, Billaud G, Vernet G, Lina B, Floret D, Paranhos-Baccala G. 2008. The
impact of dual viral infection in infants admitted to a pediatric intensive care unit
associated with severe bronchiolitis. Pediatr. Infect. Dis. J. 27:213–217.

23. Peng D, Zhao D, Liu J, Wang X, Yang K, Xicheng H, Li Y, Wang F.
2009. Multipathogen infections in hospitalized children with acute respi-
ratory infections. Virol. J. 6:155.

24. Lee JH, Chun JK, Kim DS, Park Y, Choi JR, Kim HS. 2010. Identification
of adenovirus, influenza virus, parainfluenza virus, and respiratory syncytial
virus by two kinds of multiplex polymerase chain reaction (PCR) and a shell
vial culture in pediatric patients with viral pneumonia. Yonsei Med. J. 51:761–
767.

25. Kim SR, Ki CS, Lee NY. 2009. Rapid detection and identification of 12
respiratory viruses using a dual priming oligonucleotide system-based
multiplex PCR assay. J. Virol. Methods 156:111–116.

26. Yoo SJ, Kuak EY, Shin BM. 2007. Detection of 12 respiratory viruses
with two-set multiplex reverse transcriptase-PCR assay using a dual
priming oligonucleotide system. Korean J. Lab. Med. 27:420 – 427.

Evaluation of Anyplex II RV16

April 2013 Volume 51 Number 4 jcm.asm.org 1141

http://jcm.asm.org

	Comparison of Anyplex II RV16 with the xTAG Respiratory Viral Panel and Seeplex RV15 for Detection of Respiratory Viruses
	MATERIALS AND METHODS
	Specimens.
	Nucleic acid extraction and internal control.
	RV16 testing.
	xTAG testing.
	RV15 testing.
	Sequencing.
	Definitions.
	Statistical analysis.

	RESULTS
	Distribution of respiratory viruses.
	Comparison of assays.
	Identification of multiple viruses.
	RhV and EV.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


